GLASS HOMOGENIZING PUMP 



REFERENCE TO RELATED APPLICATIONS 

This application claims an invention which was disclosed in Provisional 
Application Number 60/228,995 , filed August 30, 2000, entitled "GLASS 
5 HOMOGENIZING PUMP ". The benefit under 35 USC §119(e) of the United States 
provisional application is hereby claimed, and the aforementioned application is hereby 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

1 0 The invention pertains to the field of pumps which increase the flow of molten 

glass through a manufacturing process. More particularly, the invention pertains to a 
pump that homogenizes and pressurizes the glass for use in production of a high quality 
glass sheet. 

DESCRIPTION OF RELATED ART 

1 5 This invention relates to the manufacture of glass that is currently used for the 

production of TFT/LCD display devices that are widely used for computers now and are 
expected to be used for television sets in the future. 

Present technology for continuous glass manufacturing processes relies on gravity 
to facilitate the flow of glass through the forming apparatus to the means of sohdification. 

20 Additionally, the molten glass must be homogenized by a mixing device. A drawback of 
present technology is that the flow of glass solely by gravity limits the production rates 
that can be accommodated by a given factory configuration. The glass melting fumace 
must be located at a sufficiently higher elevation than the forming apparatus to produce 
the required pressure for the glass to flow through a given forming apparatus. Once a 

25 factory is built, the production hmitations are defined. 



2 



The flow of glass solely by gravity limits the pressure available for forming glass 
in new and innovative ways, especially in systems requiring higher pressure. There are 
practical limitations in locating a glass fiimace high above the forming apparatus and 
ducting the molten glass a large vertical distance to the forming apparatus. Present glass 
5 mixers and homogenizers require operation with the outlet flow at atmospheric pressure. 

The homogenizer must be located in the forehearth at the elevation of the melting furnace. 
Current homogenizing mixers also produce a trail of poorly homogenized glass that flows 
off of the bottom tip of the device. This defect is termed "cord" in the glass industry. To 
a lesser extent, the glass flowing around the device is not thoroughly homogenized. 

10 Therefore, there is a need in the art for a pump which overcomes the shortcomings 

''^ of the prior art. 

;S SUMMARY OF THE INVENTION 

|y The present invention facilitates the supply of highly homogeneous molten glass at 

„" higher than normal pressure to a manufacturing apparatus. This permits an increased 

'~15 range of operation and versatihty in manufacturing apparatus design. 

;Q The molten glass pump system of the present invention can include one or more 

piunps, which form either a single-stage apparatus or are combined ui series to form a 
multi-stage apparatus. The exact configuration depends on the required process pressiu-e 
and the required degree of glass homogenization. Examples of the invention include an 

20 auger pump and a mixing auger pump which have varying degrees of mixing action, as 
well as a homogenizing pump which provides some pumping action but is primarily a 
homog enizer. All three pumps preferably include a centerline flow recirculation feature 
which remixes inhomogeneous glass into the incoming glass stream. A counter-rotating 
sleeve, which straightens the glass flow exiting the apparatus and provides an additional 

25 flow recirculation path, is also preferably included. 

In the auger pump, an auger, a device which is used primarily for pumping, is used 
in the molten glass pump. The mixing auger pump utilizes a modified auger with 
increased homogenizing (mixing) action, but a decreased abiUty to generate pressure and 
flow. The mixing auger preferably has periodic cutouts in the auger flights. These cutouts 
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allow glass to pass backward (leak) into another flow path and mix with glass in that 
passage. The homogenizing pump is primarily a homogenizer, but it also provides some 
pumping action. The homogenizing pump includes a multitude of propeller blades 
radially attached to a cylindrical housing. The molten glass is mixed by placing each row 
5 of blades so that the flow exiting one row of blades is subdivided as it enters the passages 
between the next row of blades. Homogenization is accomplished by repetitively 
subdividing the flow path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a glass manufacturing process including the molten glass pump of the present 
^^10 invention. 

p Fig. 2 shows the housing and the rotating hub without its pumping and mixing elements. 

- Fig. 3 shows an example of an auger pump with centerline flow recirculation. 

Fig. 4 shows an example of a mixing auger pump with centerline flow recirculation. 

:;=; Fig. 5A shows an example of a homogenizing pump with centerline flow recirculation. 

;315 Fig. 5B shows the flow dividing action of the mixing blades of the homogenizing pump 
shown in Fig. 5A. 

Fig. 6 shows a counter-rotating sleeve with peripheral flow recirculation. 

Fig. 7 shows an example of a homogenizing pump contained in a counter-rotating sleeve. 

Fig. 8 shows an example of a two-stage device with one auger pump and one 
20 homogenizing pump. 

DETAILED DESCRIPTION OF THE flSH/ENTION 

Present technology for continuous glass manufacturing processes relies on gravity 
to facilitate the flow of glass through the forming apparatus to the means of soHdification. 
Additionally, molten glass must be homogenized by a mixing device. By combining these 
25 two functions, the present invention has many applications throughout the glass 
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manufacturing industry. The pump facilitates the flow of glass to a forming apparatus at a 
pressure substantially higher than atmospheric pressure, hi a preferred embodiment, the 
pressure increase capabihty is preferably greater than or equal to one half Bar. The 
pressure is regulated by varying the pump rotational speed. For the highest quaUty glass, 
5 the pump is preferably combined with a counter-rotating sleeve and the glass stream is 
recirculated to prevent defects. Additional pumping stages are optionally added to meet 
the flow and pressure requirements of a particular manufacturing process. 

Glass Manufacturing System 

Referring to Fig. 1, all embodiments of the molten glass pump apparatus are 
.^10 preferably located at a free surface in the forehearth (3) of a glass melting system (1). 
; Once melted, glass is transported from the glass melting furnace (2) through the forehearth 

; (3) to the molten glass piunp (4). The outlet (7) of the molten glass pump (4) transports the 

z melted glass to the dehvery tube (5), which delivers the melted glass into the apparatuses 

involved in the glass forming process (6). The outlet (7) of the molten glass pump (4) is 
''1 5 preferably contained in sealed ducting leading the molten glass to the forming apparatus. 
= Homogenized molten glass is thus delivered to the forming apparatus at an elevated 

pressure. This pressure can be adjusted over a wide range. This allows utilization of a 
z forming process that can take advantage of these features. 

Centerline Recirculation 

20 Referring also to Fig. 2, a molten glass pump (4) is shown without its pumping and 

mixing elements. A rotating hub (9), shown here without flights or blades, is found in the 
center of the molten glass pump (4). A housing (11) houses the rotating hub (9), as well as 
the pumping and mixing elements of the molten glass pump (4). Glass flows into (10) the 
molten glass pump (4) from the top, and glass flows out (12) of the molten glass pump (4) 

25 at the bottom. 

Prior art rotary glass mixing devices produced a trail of poorly homogenized glass 
created from a stagnant pocket of glass that formed at the rotating tip of the device. 
Cormnonly termed a "tip cord" defect or an "auger spot", this defect is a poorly 
homogenized product that flows along the inner diameter of the pump, accumulates in a 
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pocket at the tip of the blade, and subsequently emanates from the tip of the device. This 
pocket of glass contains glass that moves slowly through the device and largely avoids the 
mixing action. This glass is not mixed because of its slow^ motion through the system. 
This glass is often old glass of a slightly different composition than the majority of the 
5 molten glass passing through the pump. 

In the present invention, centerline recirculation flow of glass (8) through a 
centerline recirculation channel (13) remixes the glass from the tip of the pumping and/or 
mixing device into the incoming glass stream, thus eliminating the trail of stagnant glass 
I which forms a cord defect. Centerline recirculation flow (8) is applicable to all 
10 embodiments of this invention. 

T Auger Pump 

Referring also to Fig. 3, an "auger pump" (30) is shown. The primary function of 
an auger is to pump, which creates pressure and flow. The auger pump (30) also provides 
Umited mixing action. The auger pump (30) includes an auger (31) contained within the 

Zl 5 housing (11). Augers are common devices used to provide material flow and process 

pressure for the forming of process materials. The auger (31) includes numerous auger 

Z flights (32) which extend radially from an external surface of the rotating hub (9). 

Although augers provide some homogenizing action, they are known for the tip 
cord defect described above. It is common practice to provide small mixing elements at 

20 the end of the auger to disperse the tip cord defect. However, for glass, the material in this 
defect has a different history and often a different material composition than the body 
stream and therefore requires more widespread dispersion. The auger (31) in the present 
invention overcomes this problem by recirculating the poorly homogenized glass that 
flows off the tip of an auger flight (32) through the centerline recirculation channel (13) to 

25 the inlet of the auger (3 1) for rehomogenization into the body of the entire stream. 

Mixing Auger Pump 



Fig. 4 is an example of a "mixing auger pump" (40). The mixing auger pump (40) 
includes a mixing auger (41) that has been modified to provide increased mixing action 
with a reduced ability to generate pressure compared to the auger pvunp (30). A mixing 
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auger (41), which is enclosed in the housing (1 1), has auger flights (42) extending radially 
from an external surface of the rotating hub (9). There are preferably cutouts (43) in the 
auger flights (42). These cutouts (43) allow glass to pass backward (leak) into another 
flow path and mix with glass in that passage. This provides mixing action, but the 
5 backward flow results in lower pumping efficiency. 

Homogenizing Pump 

Fig. 5 A is an example of a "homogenizing pump" (50). Although the 
homogenizing pump (50) is primarily a mixer, it also provides some pumping action. The 
homogenizing pump (50) includes a plurality of blades (53) radially attached to an 
. 10 external surface of the rotating hub (9). The rotating hub (9) resembles the compressor of 
; an axial flow gas turbine. This assembly is enclosed in a cylindrical housing (11), which 

= has tight clearance with the blades (53). The blades (53) are preferably all pitched in 

substantially the same direction similar to an axial compressor. The cylindrical housing 
(1 1) and blades (53) are rotated, thus providing the pumping action. The development of 
. 1 5 pressure and flow in molten glass (a Newtonian Fluid) is substantially different than that 

in air as with the axial compressor. It is caused by the interaction of the rotating blades 
^ (53) and the stationary cylindrical housing (11) that contains the rotating blade system, 

i The motion of the glass, which is substantially downward through the blade system, has a 

rolling component. Therefore, as the glass passes between any two adjacent blades (53), it 
20 is spiraling through the passage. 

The key to mixing and homogenizing the molten glass in the homogenizing pump 
(50) is to place each row of blades (53) so that the flow exiting one set of blades (53), 
which has been rotated, is divided as it enters the passages of the next set of blades (53). 
Homogenization is achieved by continuously subdividing the rotated flow. If the flow 

25 division were perfect, each successive row of blades (53) would divide the flow path so 
that the mixing of successive rows would be: times two, times four, times eight, ••• 256, 
etc. Although Newtonian Fluid does not flow in a manner that produces perfect division, 
multiple rows of proper aspect ratio and properly placed blades (53) produce excellent 
mixing with the exception of the glass which is on the very inside diameter of the flow 

30 path. The aspect ratio and the placement of the blades is determined by solution of the 
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fluid flow equations (Navier-Stokes) and/or by experimental testing. As in the auger 
pump (30) and the mixed auger pump (40), poorly homogenized glass is recirculated 
through the centerline recirculation channel (13) to the entrance end of the homogenizing 
pump (50) and is mixed thoroughly into the incoming glass stream. 

5 Fig. 5B shows the flow dividing action of the mixing blades (53) of the 

homogenizing pump (50) shown in Fig. 5A. The length of the mixing blades (53) in the 
direction of glass flow must be sufficient for the glass to rotate at least one half turn in its 
spiraling motion in order to obtain effective dividing action. One and one half, two and 
one half, etc. turns would also produce the desired action. The large arrow (91) shows the 
10 direction of blade motion in the device. One can follow the flow of molten glass as it is 
'f, divided. The molten glass (92) is divided into two streams (93) and (94) by the mixing 

^ blades (53). Each of these two streams (93) and (94) are then divided again into streams 

y (95) and (96) and (97) and (98), respectively. 

Peripheral Recirculation 

315 Referring to Fig. 5A another homogeneity defect (cord) in all of the individual 

.] devices described above is the glass that flows through the gap between the housing (11) 

^ and the outside diameter tips of the mixing blades (53). 

Fig. 6 illustrates peripheral recirculation flow (61) using a counter-rotating sleeve 
(62) in the molten glass pump. These elements are preferably added to the already 

20 established centerline recirculation flow (8) to increase the mixing abihty of the molten 
glass pump. The counter-rotating sleeve (62) is preferably used to further condition the 
flow out of the molten glass pump to produce the most uniform glass possible. A 
peripheral portion of the glass melt at the distal end of the molten glass pump is taken up 
through a peripheral recirculation channel (63), lying between the counter-rotating sleeve 

25 (62) and the housing (1 1), back towards the entrance to the molten glass pump. The 

peripheral recirculation flow (61) remixes any glass inhomogeneity that is caused by the 
rotation of the coimter-rotating sleeve (62) or emanating from the blade tips of the molten 
glass pump. Peripheral recirculation flow (61) is an advantage even at zero sleeve 
rotational speed, due to the small homogeneity defects, which come off of the blade tips. 
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As an example, Fig. 7 shows the mixing elements of the homogenizing pump (70) 
contained in a counter-rotating sleeve (62). Although the counter-rotating sleeve (62) and 
peripheral recirculation flow (61) are shown here in relation to the homogenizing pump 
5 (70), any of the embodiments could utilize these two components (see Fig. 8). The 

coimter-rotating sleeve (62) straightens the flow of the glass out of the blades (53) of the 
homogenizing pump (70). Without the counter-rotating sleeve the flow of glass out of the 
homogenizing pump (50) has a vortex motion caused by the rotation of the hub (9) and 
blades (53) relative to the housing (1 1). Introduction of the opposite rotation of the 
10 counter-rotating sleeve (62) combined with reducing the rotation speed of the hub (9) and 
f blades (53) straightens the macroscopic vorticity of glass flowing out of the device. The 

i pumping and mixing action is maintained by keeping the relative rotational speed between 

I the hub (9) and blades (53) and the counter-rotating sleeve (62) the same as between the 

I hub (9) and blades (53) and the housing (11). 

15 This embodiment also shows some alternate configurations of the blades (53) of 

f the homogenizing pump (70). Different blade lengths (71), blade overlap (72), and 

I extension of the blades (73) below the rotating hub (9) are all shown. The use of different 

\ blade lengths (71) in the same pump facilitates homogenizing performance over a wide 

range of rotational speeds. Blade overlap (72) and the extension of the blades (73) below 
20 the rotating hub (9) affect the homogenizing performance of the pump. Additional blade 

configurations include, but are not limited to, arranging the blades in a hehcal pattern or in 

a partially randomized pattern. 

Multi-Stage Device 

Fig. 8 shows an example of a two-stage device (80) with one auger pump stage 
25 (81) and one homogenizing pump stage (82). This design would be especially useful in an 
apphcation where the requirements include both high process pressure and a high degree 
of glass homogeneity. Process flow and pressure is achieved using the auger pump stage 
(81), while the homogenizing pimip stage (82) effectively mixes the glass. 
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As in the earlier examples, glass that moves slowly along the inner body of the 
molten glass pump at the base of the blades comes out of the distal output end of the pump 
body and forms a tip cord defect. The two-stage device (80) adds a hole (83) in the center 
of the pimip body to return this unmixed glass to an intermediate point in the pump for 
5 mixing into the stream. The placement of the hole (83) at an intermediate point in the 
pump could also be used with the previous embodiments. 

These devices may be used singly or coupled in series as a multi-stage device to 
produce a system which will fulfill the required specifications. 

Accordingly, it is to be understood that the embodiments of the invention herein 
10 described are merely illustrative of the application of the principles of the invention. 

Reference herein to details of the illustrated embodiments is not intended to limit the 
scope of the claims, which themselves recite those features regarded as essential to the 
invention. 



